The genus Kibdelosporangium was first established by Shearer et al. [1] and classified as part of the family Pseudonocardiaceae. At the time of writing, this genus comprised four recognized species and two subspecies: Kibdelosporangium aridum subsp. aridum as the type species [1] , Kibdelosporangium aridum subsp. largum [2] , Kibdelosporangium philippinense [3] , Kibdelosporangium phytohabitans [4] and Kibdelosporangium lantanae [5] . Recently, Kibdelosporangium banguiense isolated from a soil sample has been described [6] . Kibdelosporangium albatum [7] has been transferred to the new genus Allokutzneria as Allokutzneria albata by Labeda and Kroppenstedt [8] on the basis of phylogenetic position and chemotaxonomic characteristics. The members of the genus Kibdelosporangium are well known to produce novel antibiotics like aridicins and kibdelins [2, 9] . Members of the genus Kibdelosporangium are Grampositive and form chains of rod-shaped spores and sporangium-like bodies with well-defined walls. Motile elements or spores are not present. In this study, three novel strains, K08-0175 T , K10-0543 T and K12-0791 T , were isolated from the samples of plant roots or soil sticking to plant roots collected from Japan. The results of analysis of the 16S rRNA gene sequences revealed that all of them represented members of the genus Kibdelosporangium and were related most closely to Kibdelosporangium lantanae KTCT 29675 T . The taxonomic characterization of these three actinomycete strains is presented here.
Three actinomycete strains were isolated from different sampling sites in Japan. K08-0175 T was isolated from inside a plant root sample of Ophiopogon japonicus collected from Kanagawa prefecture, Japan. K10-0543
T and K12-0791 T were isolated from soil samples sticking to roots of Ophiopogon japonicus and a kind of pteridophytic plant from Japan, respectively. The media used for isolation were carboxymethyl cellulose (CMC) agar (1.0 % carboxymethyl cellulose sodium salts, 0. [10] and in 20 % glycerol (v/v) suspension at À20 C. Biomass for taxonomic characterization was obtained from cultures grown at 27 C for 10 days in yeast extract-dextrose (YD) broth (1.0 % yeast extract, 1.0 % dextrose). The formation of mycelia and sporangia-like structure of the strains grown on ISP medium 4 [10] , soybean flour mannitol agar (2.0 % soybean, 2.0 % mannitol, 1.5 % agar), soil extract agar [11] , sucrose-Bennett's agar (0.1 % yeast extract, 0.1 % beef extract, 0.2 % N-Z-amine, 1.0 % sucrose, 1.5 % agar), and 1/10 V8 juice agar [2 % V8 juice (Campbell's soup), 0.03 % CaCO 3 , 1.0 % gellan gum, 1.5 % agar] were observed by both light microscopy and scanning electron microscopy (JSM 5600; JEOL). The ISP media 2, 3, 4 and 5 recommended by Shirling and Gottlieb [10] as well as nutrient agar (NA; Difco), potato dextrose agar (PDA; Difco) and Czapek's agar (3.0 % sucrose, 0.3 % NaNO 3 , 0.1 % K 2 HPO 4 , 0.05 % MgSO 4 .7H 2 O, 0.05 % KCl, 0.001 % FeSO 4 .7H 2 O, 1.5 % agar) were used to investigate cultural characteristics. These strains were observed after incubation at 27 C for 2 weeks. Colors and hues were determined according to the Color Harmony Manual [12] . Utilization of carbon sources was examined on carbon utilization medium (ISP medium 9; [10] ) supplemented with 1 % carbon sources at 27 C for 2 weeks. Acid production from carbon sources was examined by using basal inorganic nitrogen medium recommended by Gordon et al. [13] . Decomposition of adenine, casein, gelatin, hypoxanthine, starch, Tween80 and xanthine and urease activity were determined using methods described by Gordon et al. [13] . Reduction of nitrate to nitrite was determined as described by Gordon and Mihm [14] . The production of hydrogen sulfide was detected on peptone-iron agar (Difco). Enzyme activities were determined using the API ZYM test kit (bio-M erieux) according to the manufacturer's instructions. Catalase and oxidase activities were determined with 3 % (v/v) hydrogen peroxide solution and 1 % tetramethyl p-phenylenediamine dihydrochloride solution, respectively. Temperature ranges for growth were determined on ISP medium 2 after incubation for 2 weeks using a temperature gradient incubator C; Toyo Kagaku Sangyo). Tolerance of NaCl (0-5 %, intervals of 1 %) and pH range (3-11, intervals of 1 pH unit) for growth were determined on ISP medium 2 by incubation at 27 C for 2 weeks.
The isomer of diaminopimelic acid in the cell wall was determined by using the method of Hasegawa et al. [15] . The acyl type of the muramic acid in the peptidoglycan was determined by using the method of Uchida and Aida [16] . The whole-cell sugar compositions were determined by the method of Staneck and Roberts [17] . The phospholipids in the cells were extracted and detected by two-dimensional thin-layer chromatography (TLC) according to the methods proposed by Minnikin et al. [18] . To obtain whole-cell fatty acid profiles, the strains were grown at 27 C for 9 days in YD broth. Analysis of fatty acid methyl esters was performed by GLC according to the procedures of the Sherlock Microbial Identification System (Microbial ID; MIDI, Version 6.0) using the ACTIN6 method. Menaquinones were extracted from freeze-dried biomass using the procedure of Collins et al. [19] and subsequently analysed by LC/ MS (JMS-T100LP; JEOL) with CAPCELL PAK C18 UG120 column (Shiseido) using methanol/2-propanol (7 : 3). Mycolic acid methyl esters were examined by TLC according to the method of Tomiyasu [20] .
Genomic DNA extraction, amplification of the 16S rRNA gene and its sequencing were performed according to the methods of Take et al. [21] . The nearly complete of 16S rRNA gene sequences of strains K08-0175 T (1424 bp), K10-0543 T (1455 bp) and K12-0791 T (1424 bp) were compared with sequences of type strains in the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; [22] ). Phylogenetic analyses were performed using the software package MEGA 6 [23] after multiple alignment of the sequence data with CLUSTAL W within BioEdit program version 7.1.3.0 [24] . Distances were calculated using distance options according to Kimura's two parameter [25] . Neighbor-joining [26] , maximumparsimony [27] and maximum-likelihood [28] trees were generated by methods contained within the software package MEGA 6. Bootstrap analyses were used to evaluate the tree topology by means of 1000 resamplings [29] . The DNA G+C contents were determined by HPLC according to the method of Tamaoka and Komagata [30] on DNA extracted according to the protocol of Saito and Miura [31] . Levels of DNA-DNA relatedness were assayed using microplate hybridization method described by Ezaki et al. [32] . T are shown in Table 1 . Cultural characteristics of the four strains were similar. Substrate mycelium was generally of pale yellow to yellow. All of them grew well on almost tested media, except that K10-0543 T showed no growth on potato dextrose agar and K12-0791 T grew poorly on ISP medium 5. Though none developed aerial mycelia on nutrient agar, K08-0175 T produced moderate amounts of white aerial mycelium on ISP medium 4, whereas K10-0543 T produced moderate amounts of aerial hyphae on ISP media 2, 3 and 5 and Czapek's agar. K12-0791
T produced sparse aerial mycelia on all media tested except for nutrient agar. K08-0175 T , K10-0543
T and K12-0791 T produced aerial mycelium consisting of long straight chains of rod-shaped spores (more than 20 spores per chain) with smooth surfaces. The formation of sporangium-like structures was observed after incubation for 1 month or more (Figs 1-3 ). K08-0175
T produced sporangiumlike globular bodies (2-4 µm in diameter) on aerial mycelia on soybean flour mannitol agar, soil extract agar and potatocarrot agar. K10-0543
T produced sporangium-like structures on 1/10 V8 juice agar (generally 4-5 µm in diameter), while K12-0791
T was observed to produce immature sporangiumlike structures on sucrose-Bennett's agar. Spore motilities were not observed. 
29675
T could utilize L(+)arabinose but K10-0543 T and K12-0791 T could not. K12-0791 T produced acid from raffinose and xylitol while K08-0175 T and K. philippinense NBRC 15154
T showed negative results. The physiological and biochemical characteristics of the three novel strains are also presented in the species descriptions.
Chemotaxonomic properties of K08-0175
T , K10-0543 T and K12-0791 T were the same as those of members of the genus Kibdelosporangium. The whole-cell hydrolysates contained meso-diaminopimelic acid and rhamnose, ribose, arabinose, mannose, galactose and glucose as whole-cell sugars. Mycolic acids were absent. Phosphatidylethanolamine was detected as the diagnostic polar lipid (Figs S1-S3, available in the online Supplementary Material). K08-0175
T , K10-0543
T and K12-0791 T could be differentiated from each other on the basis of major cellular fatty acids and menaquinone compositions. K08-0175
T and K10-0543 T contained iso-C 16 : 0 as a major cellular fatty acid, whereas strain K12-0791 T contained both iso-C 16 : 0 and iso-C 16 : 0 2-OH. The major menaquinone of all strains was MK-9(H 4 ) (92 %) but minor menaquinones were slightly different. K10-0543
T and K12-0791 T contained minor amounts of MK-9(H 0 ), MK-9 (H 6 ) and MK-10(H 4 ), whereas K08-0175 T contained minor amount of MK-8(H 4 ), MK-9(H 6 ) and MK-10(H 4 ). The cellular fatty acid profiles and menaquinone compositions of three novel strains are shown in Table S1 .
The determination of almost-complete 16S rRNA gene sequences of K08-0175
T , K10-0543 T and K12-0791 T indicated that they represented members of the genus Kibdelosporangium and shared highest similarities with K. lantanae KTCT 29675
T of 98.1, 96.8 and 96.9 %, respectively. In addition, they had similarities lower than 97 % with all others type strains of the genus Kibdelosporangium and others genera of the family Pseudonocardiaceae. However, K08-0175
T and K12-0791 T showed similarities of 16S rRNA gene sequences higher than 98 % with each other (Table S2 ). The results of phylogenetic analysis based on 16S rRNA gene sequences indicated that they fell into distinct clade with K. lantanae KTCT 29675
T with a high bootstrap value of 99 % in neighbour-joining analysis (Fig. 4) and this was supported by the results obtained with all three tree-making algorithms (Figs S4-S6 ). DNA-DNA hybridization tests were performed between the three novel strains and the type strain K. lantanae KTCT 29675
T . The DNA relatedness values between strains K08-0175 T , K10-0543 T and K12-0791 T ranged from 29.8 to 44.6 % but those between three novel strains and K. lantanae KTCT 29675 T were 14.8 to 15.2 % (Table S2) . These values were lower than 70 %, which is the recommended threshold value for the delineation of genomic species [33] . The DNA G+C contents for K08-0175
T and K12-0791 T were 64.9, 66.5 and 66.3 %, respectively. On the basis of morphological and chemotaxonomic characteristics and genotypic data for the three novel strains, it is concluded that K08-0175 T , K10-0543 T and K12-0791 T represent members of the genus Kibdelosporangium. The three novel strains were clearly distinguished from each other and from previously described species in physiological characteristics, phylogenetic position and DNA-DNA relatedness values. We therefore propose that strains K08-0175 T , K10-0543
T and K12-0791 T should be described as representing novel species of the genus Kibdelosporangium, Kibdelosporangium kanagawaense sp. nov. for strain K08-0175 T , Kibdelosporangium rhizosphaerae sp. nov. for strain K10-0543 T and Kibdelosporangium rhizovicinum sp. nov. for strain K12-0791 T .
DESCRIPTION OF KIBDELOSPORANGIUM KANAGAWAENSE SP. NOV. 
ND Enzyme activity (APIzyme)
*Data were taken from Pascual et al. [6] .
sucrose and xylose. In the API ZYM system, alkaline phosphatase, esterase, esterase lipase, leucine aminopeptidase, valine aminopeptidase, cystine aminopeptidase, trypsin, acid phosphatase, phosphoamidase, a-glucosidase and a-mannosidase are positive, a-galactosidase and b-galactosidase are weakly positive and lipase, a-chymotrypsin, b-glucuronidase, b-glucosidase, glucosaminidase and a-fucosidase are negative. The cell wall contains meso-diaminopimelic acid. Mycolic acids are absent. The whole-cell sugar pattern consists of rhamnose, ribose, arabinose, mannose, galactose and glucose. The major menaquinone is MK-9(H 4 ) and small amounts of MK-8(H 4 ), MK-9(H 6 ) and MK-10(H 4 ) are also present. Phospholipids consist of phosphatidylethanolamine, diphosphatidylglycerol, hydroxyphosphatidylethanolamine, phosphatidylinositol and unknown aminophospholipids. The acyl group of the peptidoglycan is acetyl type. The major cellular fatty acid is iso-C 16 : 0 with minor amounts of iso-C 16 : 1 , iso-C 16 : 0 2-OH, iso-C 14 : 0 , iso-C 15 : 0 , C 16 : 0 and a summed feature consisting of iso-C 15 : 0 2-OH and/or C 16 : 1 !9t.
The type strain is K08-0175 T (=NBRC 112388 T =TBRC 6786 T ), which was isolated from a plant (Ophiopogon japonicus) collected from Kanagawa, Japan. The DNA G+C content of the type strain is 64.9 %. T and K12-0791 T in the genus Kibdelosporangium. Asterisks indicate branches that were also recovered using the maximum-parsimony and maximum-likelihood algorithms. Numbers at nodes are bootstrap values (%) based on 1000 resampled datasets; only values >50 % are given. Bar, 0.01 nucleotide substitutions per nucleotide position.
